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(54) HALOGEN-FREE FLAME-RETARDANT EPOXY RESIN COMPOSITION, AND PREPREG AND 
LAMINATE CONTAINING THE SAME 

(57) Disdosed in a naiogen-rree flame-fetarcant 
eooxy resin ccrnoosrtjon, ccmonsinq (A) a btspnenoi A 
ype epoxy resin, (B) a novoiak type epcxy resm, (C) a 
phenolic resin type cunng agent. (D) a cunng accelera- 
tor, and (E) an Inorganic filler. The pnenoiic resin type 
curing agent [O is provided by a nrtrcgen-containing 
pnenoiic resm, preferaoiy, by a co-condensation resn 
formed by the reaction among a phenolic compound, a 
guanamine ccmoound. and an aldehyde compound. 
More desirady, a Dhenoiic resin containing ooth Dhos- 
pnorus and nitrogen sflcuid be used as the cunng agent 
(C). Further, a comoinaccn of the co-conaensation resin 
noted above (C-i) and a reactive phosphonc aod ester 
can be used as a curing agent 
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Description 

Tacnmcai F«d 

s The oresarrt invention rebates to an apcxy resin comoosrtion as well as a oreoreg ana a lamnate containing tie 

comoosition. and more oarbcuiarty to a hawg en-free f lame-retarcant eooxy rean cornposrtioa a prepreg impregnated 
with such comoosrtion, as wed as to a iairwate. copper-dad laminate ana crimed winng ooard manutactured by using 
sucn preoreg. 

<o Sackgrouna An 

n recent years, saletv to numans inducing, for examoie. the air coilutwn crooiem attracts wond-wtie attentions. In 
this connection, electric and electronic appliances are reauired to oe more n arm ess ana more sate in addition to the 
-eouirement or a mgn flame retaraancy. r o be more specific, the eiectnc and aecrone aopiances are required to oe 
75 res slant to flame and, at trie same a ma not to generate noxious gases, t nas ceen customary in the oast to use a 
glass; eooxy as a suostrate of a pnnted wirmg ooara en wnicn eiectnc ana electronic aoaiances are to oe mounted, in 
general, a brominatea eooxy resn comanng onomtne as a flame-retaroant. partjcuiany, :etracromoasoneno<-A type 
eooxy resin, ,s used for forming the suostrate of the crimed wiring ooara. 

The Drommaied aooxy resin cartamrv exnfcrts a nigh fame retaraancy. out generates a noxious rryorogen naiide 
20 ;hyorogen cromwe) gas wnen ourned. ~o overcome tne crtfcuity, eooxy resin comoosraons containing non-naiogen 
•lame-fetaraants sucn as nitrogen comoounds, cnosonorus comoounas. .norganic ccmocuncs, etc., iave oeen cevei- 
ooed, as reooned in. tor examae, Brrtisn Patent No. * . : *2, :39 ana .aoanese Patent Cisaosure (Kokai) No. 2-269730. 
However, :hese rlame-retaraams give nse to a detnmentai effect to the curing cf the eooxy resin ana imoairs the numia- 
tv resistance of the cured enmnnsrrinn n artrirtinn a r«ia« ~nth ie 
25 comoositjon .f the comoosition contains the non-naJogen flame-retaraarrts menticnea. 

The presem invention is intended to orovide an eooxy resin comoosition wnicn coes not contain a haiogen element 
but exnibits a good flame retardancy and which permits evercemmg the aoove-noted croaems inherent in the pnor art. 

The presem invention is also interned to provide a preoreg imoregnatea wrth sucn an eooxy resin composition as 
weil as a laminate, copper-dad laminate ana pnnted wiring ooara using sucn a preoreg sheet. 

30 

Disclosure cf Invention 

Acccrcing to a first emoodiment cf the oresent invention, there is provicea a raiogen-rree flame-retardam eooxy 
resn comoosition. comensing (A) a oisohenoi A type eooxv resin. ;B) a novoiaK type eooxy resin, [Q a nrtrogen-con- 
25 raining pnenewe resin actmg as a curing agent. ; a curing accelerator, ana (E an morganc filler, wnerein the nrtrogen- 
contajnmg onenoiic resin serves to imoan a flame retaraancv to the comoosrtion. 

~he nrtrogen-containing phenolic resin may ce an aminoonenonc resin, -owever. :t is oreferaofe to use a co-con- 
densation resin rormea by the reaccon among a onenoiic comoouna a guan amine comoouna and an aidehycJe com- 
pound. 

40 Acccrcing to a seccne emocoiment cf the oresent nventicn, there is proviced a haiogen-free -tame-retaroant 
eooxy resin ccmoosirjcn, comensing (A) a bscnenci A type ecoxv resin, (B) a novoiaK type eooxy resin, (C) a onospno- 
rus- ana nrtrcg en -containing onenoiic resin acting as a curing agent. ;'D) a cunng accelerator, ana (E) an inorganic filler, 
wherein the cnosonorus- and nitrogen -containing onenoiic resin serves to imoan a *lame retardancy to the comoosi- 
tion. 

45 ^e crenoiic resin containing both cnosohorus anc -'trscen atcms srcLC cesiraDy ce a reaction procuct among 
a phenolic comoouna, a guan amine comoouna, an aiaenyce comoouna ana a reactive onosononc aad ester. 

Acccrcing to a thira emoodiment cf the present invenTion, -here is crcvidea a raicgen-free tlame-retardant eocxy 
resin comoosrtion. comonsing (A) a biscnenol A type eooxy resin, ;S) a novoiaK type eooxy resin. (C-1) a reactive pnos- 
onoric acx3 ester, C-2) a co-condensatjon resin cf a cnenonc ccmoound. a guanamine comcound. and an aidenyde 
50 comoouna. ,0) a curing accelerator, ana f E) an inorganic tiiler. 

~he cresem invention also orovides a oreoreg imoregnatea wnh tne naiogen-rree r 'amen- el arc ant eooxy resin com- 
oosition acccrcing to the cresem invention as weil as a laminate. cccper-c:aa laminate and onmed winng board pre- 
oarea bv using the oreoreg. 

55 Best Moae cf Canving Cut the invention 

"he cresem invention wiil be aesenbed in detail beiow 

"he eooxv resin comoosition of the cresem invention contains a oisonenoi A type eooxy resin as comconent (AV 
As wiaeiy -^iown to the art. the biscnenol A type eooxy r esin is a reacaon orocuct between otscnenol A ana. w exam- 
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orwMtfv nas an aoaxy equivalent 

p* eo^cronyon, T» osoneno, A type eooxy rean «^^^SST«. resufant comoosn.cn 
tfat.ea*t70.Hcwa,e,.t S unde^^ 

mara ally available .nduang. » ^^^e,^ . gngl . K,nd or a plumity of afferent krdsottheo.spnenol 
sanes manufactured by CDa Gagy Inc. It s oosabte *~/L 

r^eXTresc ,1 rean c^n of me ^£T m fesn d ma ore- «**». * 

A novdak type epoxy ra6in is used 36 i<fa rean ootanedMsy a reacnon between a nowtak rean and 

wdeiy l*cwn to me art M novolaK type eooxy rean ,s a ^ Q9WM n a phenoic compound and 

Scntoronydnn. The ncv«ak rean s a rean cm^ed by ^^T^ Dflen0(lC corrcounc* used for producing 
^Uder^e, wr.cn ,s earned 0 ^*^il^eSS. pnai cresc*. and baphenci A. Than^aK 

pra3 ar,ng the resin comooaton of the present '™«*\ a phenol* rean con- 

P >he eooxy rean corroosmon of the present ^°"^?^^ oun a serves to urwrt a flame retartancy 
ta,n,ng n.trogen ,n me rean mo.ecuie. 7*e rZS^uct between a pnenoiic comodund 

to theeoaxy rean comooaton. Neeolea^me pnM c rean « a , n nnrogavca «n,ng phenolic 

and an aaehyoe comoound such as formaldenyde^ The n^ogen 09 orC v«ea by an amino grouo 

r9 an may oe present >n any of me onerxac ^^J"™^ ^an examoe or me mtrogerxoma^ng pne- 
suostrtuted on me pram* nng. :n other worcs. an arninooneno.c rea 
nolic rean used in the oresent irwerwca nrtr0 gen^onta,n.ng phenoic rean s prodded by 

However, in a preferred embedment or theoresent ^ 
a co<ondansat»n rean among a oneno* ^^^^^.^ourti. an atfenyoe comoound and a gua- 
a The co-condensat.on rean can oe P^2SSiS2!S or 0-to.uene suflbn-c aod. *carry,ng out the 
:„ nr^anrp cf an ac«j catalyst sucn as oxauc auu u ^ he iess ^ a n 

namne ujmtwuiw, - r , rtr __^ Q rn rn-)CunC to Tie cneiiuiiv. ^"-v— ■ 

reaction. ,t « preferred mat me molar n*o =< the J^S^SSnd sncu* be used for one pnmary am.no group 
1 .0. preferably 0.5 to iess man " .0. and one mole of Jdehyde comoo maamme as me guanam.ne ccrn- 

( . NH ,J contam* in the guan^n; » XSe^de Se » one mo, of me*m.ne. .Kew*e. ,n the case of us.ng 
30 pound, it is bearable to use 3 moles of reUnive ro one moi or benzoguananwie). 
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where R Is ammo, phenyl or alky I such as methyl. diamine, oercoguanamme. and 

„„, «„a, c. a«cn>« a». arcane . ™a i WM" » ™ „ , cnmM „„„, ooara w 
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gncie stage reaction 

conxjound and an a» in » 0 " condensation resn so as. r9ac0 oa * e pn T^l e(1 previously- it to" 0 ** 

*"* r nl^^^ ^SSSS ^" *• sum « «^^££ond^ re«n 
corrpound, aldehyde aan^^^^^ to, tf» reaction ^ 01 

— 01 r^TS the a^e^e confound us- ^ 
^dtntoc^-^^^pr^ousty. reacaa , 69W *en three to mm* * 

^ one pnospno^us compounds ^ ^^mwn can oe represented oy 

^^.yCTOxytgroup^^^^^^erusadintnepcesa. 
5 andpyroga-oL^eraacnvepfiospn 
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, q 2 *3 =^ ^ R 3 is a hydrogen 

on the total amount o* theses 
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irmossole to ootan a surtoem fUme rearoancy. neat ^stance ana humotv resstance. ^ ^ ^^^ 
S??Unt noweve, .scosty of ma rasutant rean ccmooamon ,s .ncre«£ g»ng~ 
TJZrJZT* tfficur, to coat unrfonrty a subs.at, sucn as « ^ ^Tccn^-cn are 
apoxy resm corrposmon: v«ds are generated in the coating; further, the lamnate using the epoxy esn co 

rendered uneven n th-dmess. - aroonenK (A ) ♦ (B) * id * (0). in an amount of SO to 

Aisa :t is oeararte to use the resm ^rnponens^e ^ y lt9jjfices to use com- 

95% by weignt based on the total amount ot the cornoonents (A) to (h). as oascnceu p » 7. 

ponent (D, ,n a smail amount, a*, M m r9S „ component (C). or (C-i ) - (C-2). 

It is prefwred that the aooxy resui components (A) and (01. ana me oneno «. -««jent in the total 

are mud sucn that 0.8 to 1 Z orereraoty 0.95 to t .05 aooxy eourvaients are present per hyoroxy in moou 
Z7£v^ in tm case, :ne aooxy res.n cornoonents snoud b. added m an amount of *o* 51 ,0 30% oy 
weKjht based on the total amount of the resm coniDcnems or tne ramoosmon. basea on 

Preterady. me asonenol A type eoaxy resm (A) snoud be aoded m an amount of 60 to 95% by wagrn 
the total amount of the res«n (A) and the novciak tyoe epoxv resnffflL (M) , n amoums 

i„ *h. inN/ention it is most orewaoie to use the comoonent (CI, or components iv 1 > ■» ^ 6 1 
In the cresent invention. ,t is mosi Dre—au. areferaoty 4 to 7% by we^nt of nitrogen atoms 

roT to r%™;^= 

; S d£SS2 a sutabte organ* sorvent sucn as oroo.ena g,yoo. = ^ 

coating or .rrcregnating a oorous g:ass suosrete sucn as a ^JZ ^IZL ^ = e usea '° r 

n.sn ana suoseauenttv neatina me suosirate to oDtam a aesirea oreoreg. "Tie oreoreg thus oreww < 
^rc^coooer^ *mmate. n this case, a oiuran ty o = ™«™«™^TsmZZ 
by suoeroosmg a ccooer W on one or nam sunaces c M ^^^TlSJli™--. A lam- 

to heating and pressurizing unaer me oramary . « — ~" " Dreor ' ^eets n me above-noted 

inate can be obtained, i me copoer <oii * not suoerposed on the ,amnan ot me °<» r ^«* ' " . 

a des,ed layered !am,nate. Further, a onnted winng boarc can c ^^%^^ nq a ^-noie 
tnrough holes are made first in me ccccer-c:ad lam.nate or murtnayered .animate, oiicwed ay acoyi g 
plating and subsequently forming a desired circuit. 

Examoles ai trie present invention wifl be described as follows. 

Mapyjaainng Example a 

0, pan by weight 0, oxai. aod was acdea to a mixture coring cf 56 cans ^e-ont of 
oarts oy^gnt ot forma,, ^aoueous so.ut,on contains ^^^^^^^^ 
40 pnenol. The resultant mixture was suo,ectea to reaacn or 2 hours « 90 - :o adiust me 

ture unoer a raducad orassure. Further, mathvl athyl Ketone was The co<cn- 

resm scx,d comoonent .pnenol/ben-oguanamme^ormaidenyae oo<oncensat.on resm. at 0 % oy *e,gn. 
densabon resn mus prepared was found to conta.n 4% ov weignt ot rwogen. 

4S Manufacturing Examcie 3 

A ™ure consis-ng of 18 cans cy wegnt a me.amme. 23 par« bv -^^^^^S 
.e,ght of 'or^in was subiectea to reacbon » 30 -imu.es at ^^-^^^^^ a.c to 
oy Igm cf Mn were add* to me reaction m^re. *..owea by cv denydra- 

sc the reacon moctua. T* resu.tent raaaon mixoire was s «^^ aaicn modure to adiust me 

non unoar a racucad oresaura Further, methv, amy, .atone was "^^JS^ ■ ^ * -^nt. 
-esmsol.dccrnoonentipnenoi/meiam.nevc^ 9S 
The co-ccncensa-on resin mus oreoared was ^urd to contain 4% bv weignt 01 nttrogen. 

55 Manufacturing Examoie C 

3. : oan by .weign ot ex,, aod was aodea to a mixture censing ot cO ^^J^^c^ 
oarts oy weign. or mrmaim. 24« cans oy wagnt of pnenol. ana 36 7SS«i ^"-ed by 

availaoie from Aiinomoto K.K.. Japan). The resurtam m.xture was suo,eaea to react.cn tar . lours 
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aanvaratino the reacacn nwture urwer a reouceo pressure. Further, metfiyi *hyi ketone was added to the dehydrated 
SZ^rSSi- so,* comoonent (p^t^- ^^T^^Xt" 
condensat.cn rest,) at 70% by wetgnt The cc-conoensfflcn res* thus prepared was lound to coma* 4% by weight of 
nitrogen and 1% by weigm of ohospnorus. jJ^fi 

A nwure corrs^g of 92.5 parts by we,ght ctl Woguanan^ lS parts by w^ht of *^™J*£* 
w«gm ot onend. and 11 5 parts by weight of RDP rrtSrrtttroi* was su^ed to <-™^*~£*^ 
,o epua. to these « M-nAcJurmg Examo* C to ohtam the desrred onenolic raw comammg P n«or^sjrt^ nrfrogen 
atoms. SoeoftcaMy. *e ohenouc resin thus ootaineo was found to contain 3% by we^rrt ot nrtrogen and 2% by weKjnt 
of pnospnorus. 

Prooyieneglyccf monomethyi ether (PGM) acnng as a solvent was added to a mature consisting ot 250 parts oy 
weignt of EP1K0TH 1001 (a csonenol A type eooxy resin available from YuKa She- Inc. Japan, navng an eooxy eq U v- 

from Toto Kasa K.K.. Jmui. navmg an epcxy eaurvaient ot 210 and a solid comoonent of 70% w weigm). 28 pans 
zo bv we,gnt ot the rttogen- ana pnosonorus-conta.n.ng pnenoic res* oreoared in Manutactunng txamoie ^«» 
oy weight ot aurrrnum nydroxwe. and 0.1 part =y weight ot 2-ethy ( -^ethy«ndazo.e. so as to oreoare an eooxy res* 
/amisncomaiiing 65% bvweigmd the resin solid component > t 

Examp le 2 - * ••< \i . L 6 ' C 

PGM was atfec to a mixture consisting of 260 carts oy weight cf EPlKCTc "001 noted acove. i.e.. a biscnenol * 
type eooxy res*. 35 parts oy we.gbt of YDCN-?04P noted aoove. creso. novoiaK eooxy res.n. 184 parts oy weignt 
oMhe nrtrogen- and pnospnoru^onta.n.ng phenolic res.n preoared in Manutacurmg txampie 0, ,50 parts Py weight 
of aluminum hyoroxce. and 0.1 part by we.ght of 2-^methylimdazole. so as to prepare an epoxy resm vam.sn 
zo containing 65% by weight of the resin solid component. 

Example 3 ^ < f * |^ 3 * ? ' tO 

PGM was added to \ mixture consisting of 250 cans oy weight of EP1KOT1E '001 noted aoove. i.e.. a phenol A 
35 type eooxv resin. 55 oarts oy vrtgnt of YDCN-704P noted aoove. e.. :resoi novoiaK eooxv resin. 206 cans by wagm 
of the nrtrogen- ano pnosonorus-ccmauing phenolic resin creoareo in Manuring exarrc.e u ■ 50 oarK by w«gnt 
of aluminum nyoroxfle. and 0.1 part by weignt of 2^.^-methy.imcazoie. so as to orepare an eooxv resin vam,sn 
containing 65% by wagnt of the resm sold comoonent. 

40 Ssamalai ^ ,• , » I ^ ^ > ■ 

PGM was aodi to a mixture consisting of 250 pans by weight of ^PJffiJHjOO! noted above La. a ^phenc. A 
typeiSTxy resin 35 pans oy weKjnt of ^ncatZS*? ™ec aoove. cresoi novclak epoxy resm. 105 parts oy we gm 

« 0 ' can bv weignt cf 2^^-methvlim^aI5~30 as to preoare an epoxy rean vam.sn ccntainuig o5 % oy ^e.gm ot 



the resin solid comoonent. 



50 



Cassis 2 , ■,V ;, ,N 



-GM was aodec to a rnxture coring of 260 cans cv wagnt ot EP'KCTE ^001 notec aocva ,8.. a MpM A 
type e^xy resn. 55 oarts oy we <g m 3 t vQCN^P not^ accve.a, ceso, novoaK 

^the^oncensa.on re^n oreoared ,n Ma^c^^ ^ " ^Tat o 'r^TaS 

-75 carts oy wagnt cr aium.num nycroxice. and 0.1 cart bv wagnt ot 2-e^^metnv.^dazo.a so as to .reoare 
eooxv resin /arnisn containing 65% by weignt ci the resin soiid ccnxonent 



"orrtrol ' 



=GM was addea to a mixture coning or 233 cans ov weignt of brommated eooxy r«n (ava.^efrom D^N.p- 
oon :nK ano M inc.. .nav,ng an eooxy ^uivaient of *0 ano a sold comoonent ot 5% by w«gnt>. 34 oarts oy 
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^ mrfak axucv resin 92 pans by weiQM of bwpnenoi A type nwoiaK 
w«ght of YDCN-704P rioted aow*. l*. cresol rww*k apoxy re ^*P*™ J 1 ^ bM18 and a s*d ccrroont.nl of 70% 
rTn from D»Mppan Ir* and Ch«r^o, ^^jT^^n-nyl^* » as to 

hu «-nht^ 130 oans bv vmt* ot aiummsn Hydroxide, and 0.1 part by waifrn or *-«ny»-" 
J^Tan ^n^ccn^ng 6« by we*t a, *. re«n so* component 

5 

Control 2 

Dime^an*. w« added to a rr*ure cc^ o, ^J^^^f^^^ 

iTO^soastocaainacw^larT^ 
rttewererneaeuredir^thefWe^ 

cooper foi (initM value ana the long-term detenoraton). heal resstance and humrirty reatfanca. 
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1 glass unwoven fabric or a glass woven laonc was 



continuously coated or imoregnated wrth the epcxy resn var- 
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rush obtained in Examoie2 and, then, dnedat 160*C to odtan a prepreg. Bgnt prepregs thus prepared were laminated 
one upon the otner. flowed Dy pressurizing the lammate structure with pressure of 40 kg/cnr for 90 minutes at 1 70*C 
to ootam a glass epoxy laminate The flame retardancy, tracking resistance, msUaaon resistance and humjdrty resist- 
ance of the larmnate were measured by the methods descnbed previously, to obtain the results gjven Mow: 

Flame retardance: VO 
Tracking resstance: 500V 
Insuiation resstance: Z0C1 
Humidity resstance 



Condition A: (§) 
Condition 8: (6) 



Example 7 



Preoreo* prepared as in Examde 6 were laminated one upon the other, followed by superpoang a copper foil 35 
urn thick on each of both surfaces of the laminate structure. Further, the resultant lammate saucture was pressurized 
under heat as in Example 6 to prepare an inner larrmate having a thickness of 0.3 mm. An addrbonai preor eg sheet was 
further lammated on eacn of both surfaces of the inner laminate, followed by superposing an additional copper toil 13 
urn thick on each of the oreoregs. Further, the resultant structure was oressunzad under heat as in Example 6 to ootam 
a multi-layered lamnate having a thickness of 1.6 mm. The resultant mum-layered laminate was out under condition A 
(baling tor 5 hours) snown in Table 1, flowed by measuring the humidity resstance of the lammate oy the method 
described oreviousry in conjunction with Table 1. Blistenng was not recognized at ail in the multi-layered laminate 
tested. 

As described above, the oresent invention orovides a halogen-free eooxy resin corroosition exhfcrtina an excellent 
name retardancy. The epoxy resin composition of the present invention can be used for rrianufactunng a copper-ciad 
glass epoxy laminate. Further, a orinted wiring board excellent in various properties can be manuractured by using the 
cooper lac laminate. 



Claims 



1 . A haiogen-free flame-retaraant eoaxy resin composition, composing: 

(A) a asonenol A type eooxy resin; 

(B) a novolak type epoxy resin: 

(C) a nrtrogen-containing pnenolic resin acting as a cunng agent 
(0) a cunng accelerator; ana 

(E) an inorganic filler. 



~he comoosrtion acccroing to daim i , wnerein said nrirogen-containtng phenolic resm is a co-condensation resin 
formea by the reaction among a pnenolic compound, a guanamine compound and an awenyoe compound. 

The comoosrtion acccroing to claim i or 2. wherein said bisphenol A type epoxy resin has an epoxy equivalent of 

170 to 1000. 



4, A halogen-free flame- retarcarrt eooxy resin comoosrtion. comonsing: 

(A) a asonenol A type eooxy resin; 

(B) a novolak type eoaxy resin; 

(C) a ohosonorus- ana nrtrogen-containmg pnenoiic resm acting as a cunng agent 

(D) a cunng accelerator; ana 

(E) an inorganic tiller. 

5. The comccsrtion accoroing to claim 4. wnerein said ohosonorus atom- ana nrtrogen atom-contairnng pnenoiic resin 
is a reaction Drcouct ootaineo by tne reaction among a reactive onosononc aod ester, a pnenoiic comoound. a gua- 
namine compound and an aidenyde comoouno. 

5. 'Tie comoosrtion according to claim 5. wnerein said reactive onosononc aod ester is represented by the formula 
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wnere a + b + c*3: ais 1. 2 or 3; b isO. 1 or 2; c is 0. * or2:_nis 1 or 2; and eacn of R 1 . R 2 , R 3 , R 4 and R° : s a 
fiydrogen atom or an aikyi groux at least one of these R 1 to R 5 bang an aikyi groua 



30 



50 



7. A haiog en-free fiame-retaraant eooxy resin comoosrnon. comonsing: 

(A) a oisonenol A type eooxy resin; 

(S) a novoiaK rype eooxy robin; 

(CM) a reactive pnosononc acid ester; 

(C-2) a co-conderrsaUon resin of a phenolic resin, a guanamme corrpouna. and an aldehyde compound; 

(D) a curing accelerator; and 

(E) an inorganic filler. 

3. The resin congestion according to claim 7, wheran said reactive phosphoric aad ester (C-1 ) is represented by the 
formula: 



4§ 




\7 2 



\ 



i 

I 



where a+o*c=3; a is 1. 2 or 3; b rsO. 1 or 2; c is 0. 1 or 2; n is * or 2; and each of R 1 . R 2 R 3 . R 4 and R° is a 
Tydrogen atom of an akyi grouc. at least one of these R 1 to R° being an aikyi groux 

55 3. A oreoreg comonsng a giass suostrate .mpregnatea with the eooxy resin cornocsriion according to any one of 
claims 1 to 3. 

10. A preoreg conwang a glass suostrate :mpregnatea wrth the eooxy resin ecrrpesrian according to any one of 
claims 4 to 5. 
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11. A prepreg cc*npnsrig a glass substrate impregnated with the epoxy resn composition according to daim 7 or a 

12. A laminate comprising a plurality of prepregs accord i ng to claim 9. larnrated together, wherein sari apaxy resin 
co mpo si ti on is cured 

13. A laminate corrprising a piuraity of prepregs according to daim 10. larnrated together, wherert said epoxy resm 
composition is cured. 

14. A laminate comprising a piuraity of prepregs according to dam 1 1 , larnrated together, artieretn said epoxy resin 
composition is cured 

1 5. A copper-dad iamnate. comprising a substrate consisting of a prepreg accorang to dawn 9. and a copper fori 
mounted to at least one surface of scud substrate, the epoxy resin composition in sari prepreg being cured 

18. A copper-dad Iamnate. co rn pnsing a substrate consgting of a prepreg sheet acco r d in g to daim 10, and a copper 
foil mounted to at least one surface of said substrate, the epoxy resn compo si tion m sad prepreg beng cured 

17. A copper-dad Iamnate. comprising a substrate consisting of a prepreg sheet according to dawn 1 1 , and a copper 
foil mounted to at least one surface of said suostrata the epoxy resin composition in sari prepreg beng cured 

18. A printed wring board, comcrang a suostrate conssong of a preoreg a cco rd in g to daim 9, and a wring layer 
formed of at least one surface of sari substrate, the epoxy resn composition in sari preoreg being cured. 

19. A Drinted wiring board, comprising a substrate consisting of a preoreg aa»rding to darn 10, and a wiring layer 
formed on at least one surface of sari substrate, the epoxy resn cornoosition m sari preoreg being cured. 

20. A printed wiring board, comprising a subst rat e consisting of a prepreg according to ciam 11, and a wiring layer 
formed on at least one surface of sari substrate, tie epoxy resin composition in sari prepreg being cured. 
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